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Estimation of peritoneal mass transport by three-pore model in
children.
Background. Computerized modeling is increasingly used to
optimize the efficacy of peritoneal dialysis (PD). The Personal
Dialysis Capacity (PDC) test is a new tool to model PD efficacy
based on the three-pore model of peritoneal mass transport. We
sought to evaluate (i) whether the PDC test is applicable to
children on chronic PD, and (ii) whether the physiological mass
transport coefficients defined in the three pore model are depen-
dent on age or body size in childhood.
Methods. A validation study was performed in 32 pediatric
chronic PD patients. Twenty tests were performed using a stan-
dard CAPD regimen, and 22 tests using a simplified automated
PD (APD) protocol. Test accuracy and precision were evaluated
by comparison of predicted with measured 24-hour dialysate
clearances of urea, creatinine, b2-microglobulin and albumin and
ultrafiltration rates. Long-term reproducibility was assessed in 16
patients by repeated clearance studies after a median time interval
of 10 weeks.
Results. While daily clearances of urea and creatinine were
predicted with good precision and accuracy with both test proto-
cols (concordance correlation coefficients 0.90 to 0.98, mean
difference predicted-calculated 20.6 to 10.6 ml/min/1.73 m2),
ultrafiltration rates were predicted more closely by the APD (r 5
0.97) than by the CAPD test (0.80). Middle and large molecule
clearances were predicted less precisely in both test settings (r 5
0.48 to 0.83). Re-test reproducibility was slightly lower than the
predictive precision observed in the original test (r 5 0.80 to 0.91).
The calculated total peritoneal pore area increased in absolute
terms, decreased with body size when standardized to weight, and
was independent of body size when normalized to body surface
area. The body size-normalized fluid reabsorption rate was
slightly increased in young infants compared to older children or
adults.
Conclusions. The PDC test permits to model peritoneal solute
and water transport with remarkable precision in children of all
age groups. While the peritoneal pore area is a linear function of
body surface area, fluid reabsorption appears to be slightly
increased in young infants.
As a painless, flexible and ambulatory technique, perito-
neal dialysis (PD) is regarded as the treatment of first
choice for children approaching end-stage renal failure.
The introduction of automated PD technologies has diver-
sified the treatment options available to optimize the
efficacy of solute and water removal in an individual
patient, and has outdated the empirical concept of CAPD
prescription comprising of four to five exchanges with 35 to
45 ml dialysate per kilogram of body wt per day [1]. This
concept has also been challenged by the increasing propor-
tion of small infants treated by chronic PD, who frequently
require larger dialysate volumes (normalized according to
body wt) and/or more dialysis cycles than older children to
achieve efficient dialysis. Animal studies and autopsy find-
ings support the hypothesis that the peritoneal surface area
may be proportionate to body surface area rather than to
body wt [2–4], inferring that it may be preferable to scale
dialysate volumes in children according to body surface
area [5, 6]. Indeed, the previously postulated differences in
peritoneal transport properties between adults and chil-
dren of different age groups largely disappear when the
dialysate volume is standardized according to body surface
area [7, 8]. However, a direct measurement or valid esti-
mation of the effective peritoneal surface area and its
relationship to different measures of body size has not yet
been accomplished in children.
Recently, Rippe et al have developed a model of perito-
neal mass transfer based on capillary transport physiology
[9, 10]. According to this ‘three-pore’ model, the transperi-
toneal solute and water transfer is determined by various
hydraulic and osmotic forces acting across three types of
‘pores’ in the capillary walls: aquaporins, small and large
pores. A standardized ‘Peritoneal Dialysis Capacity’ (PDC)
test has been developed based on this model [11]. The PDC
program (Gambro, Sweden) calculates the physiological
properties of the PD membrane for individual patients in
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terms of three parameters: (1) the area (that is, the total
pore area over diffusion distance available for exchange,
A0/dx), (2) the absorption (that is, the final rate of fluid
reabsorption from the abdominal cavity when the osmotic
gradient has dissipated), and (3) the plasma loss (that is,
the rate of protein-rich fluid passing through the large
pores from blood to dialysate). Based on these three
parameters the daily solute clearance and ultrafiltration can
be predicted with any given PD prescription. As peritoneal
transport characteristics can be estimated independently of
the actual dialysate volume used, the PDC test appears
particularly suitable to gain information on peritoneal
transport physiology in children, and model PD prescrip-
tions in children of varying body sizes.
In this work, we performed PDC tests in PD patients
across the pediatric age range in order to cross-validate the
three-pore model in children, and evaluate any age depen-
dence of the peritoneal transport properties. We also
compared the validity of the standard PDC test procedure
(requiring a CAPD schedule) with that of a simplified test
based on two to three dialysates and a single blood sample
obtained during a regular day of APD.
METHODS
Patients
PDC tests were performed in 32 children (21 boys)
treated for end-stage renal failure in the pediatric dialysis
units of the University Children’s Hospitals in Heidelberg
(N 5 27) and Prague (N 5 5). The patients’ age range was
six weeks to 20 (median 12.5) years. Underlying renal
disorders included renal hypo-/dysplasia (N 5 11), obstruc-
tive uropathy (N 5 5), congenital nephrotic syndrome (N 5
3), nephropathic cystinosis (N 5 3), focal segmental glo-
merulosclerosis (N 5 2), neonatal renal vein thrombosis
(N 5 2), Scho¨nlein-Henoch purpura (N 5 2), nephronoph-
thisis (N 5 1), membranoproliferative glomerulonephritis
(N 5 1), Alport syndrome (N 5 1), and hemolytic uremic
syndrome (N 5 1). Duration of end-stage renal failure was
1 (median 4) month to 10 years. Eleven patients had
experienced at least one episode of peritonitis; in these
patients the last peritonitis had occurred three weeks to 2.3
years (median 2 months) prior to the PDC test. Twenty-
four patients were treated by APD and eight by CAPD.
Thirteen patients were anuric; the patients with residual
renal function had a median (interquartile range) urine
output of 515 (90 to 1070) ml/day and a renal glomerular
filtration rate (mean of creatinine and urea clearance) of
1.8 (0.9 to 4.1) ml/min/1.73 m2.
PDC study protocols
CAPD study. For the CAPD study 20 patients (median
age 11.0 (0.2 to 17) years) were admitted to hospital and, if
on home APD, converted to CAPD treatment schedules. In
the night prior to the study day, a 10- to 12-hour nighttime
dwell was performed instead of the usual APD cycles. The
CAPD patients performed their regular 10- to 12-hour
nighttime dwell. During the subsequent 24 hours, five to
seven manual dwell cycles of varying duration and glucose
concentrations were performed, and 10 ml aliquots of each
dialysate effluent were collected. The fill volumes, se-
quence of dwell times and glucose concentrations were
determined individually to comply with the current ultra-
filtration requirements of each patient. The mean fill
volume was 860 6 190 (range 500 to 1200) ml/m2 body
surface area. Blood samples were withdrawn at the begin-
ning and at the end of the study period. In addition, a
24-hour urine collection was performed. The exact starting
times of dialysate infusion and drainage, the times of blood
sampling, the glucose concentrations used, and the weights
of the bags with new and used dialysis fluid were carefully
documented. In addition to sampling individual dialysates,
an aliquot of the mixed total 24 hour dialysate was obtained
in order to calculate 24-hour solute clearances.
The APD study. In the APD study, 22 patients (median
age 12.6 (0.5 to 20) years) who were treated by home APD
were asked to perform an APD cycle according to their
regular PD prescription, including a ‘wet day’ with one or
(in 2 cases) two daytime cycles. A mean fill volume of 880 6
200 (400 to 1200) ml/m2 was used. The patients collected
samples of the mixed total nighttime cycler dialysate and of
the daytime dialysate(s). A single blood sample was ob-
tained during the patient’s outpatient visit in the morning
following the 24 hours of dialysate collection. To further
evaluate the predictability of daily solute clearances and
water removal, clearance studies were repeated on an
outpatient basis in 16 of the children studied by the APD
protocol, and the actual clearances and ultrafiltration com-
pared to those predicted by the PDC program based on the
peritoneal transport characteristics established in the initial
APD-PDC test.
Ethical committee approval for the study protocol was
obtained.
Laboratory measurements
All samples were kept frozen at 220°C until assaying. All
laboratory analyses were performed centrally at the labo-
ratory of Heidelberg University Children’s Hospital. Cre-
atinine, urea, sodium, albumin and glucose were measured
in each blood and dialysate sample. Creatinine was mea-
sured using the modified Jaffe´’s reaction. Dialysate creati-
nine measurements were corrected for the presence of
glucose according to the previously validated formula [5]:
Corrected creatinine ~mg/dl! 5
Creatinine reading ~mg/dl! 2 0.000207 p dialysate glucose ~mg/dl!
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Blood and dialysate glucose and urea were measured using
enzymatic reactions. Sodium concentrations were deter-
mined using an ion-selective electrode method. Albumin
and beta2-microglobulin were measured using turbidimet-
ric assays (Behring).
Calculation of PDC parameters
The algorithm underlying the PDC program is based on
the three-pore model [9, 10], modified to include the initial
vasodilation and hence capillary recruitment [11]. More-
over, interstitial gradient effects are taken into account for
the osmotic agent (glucose) in the PDC program [11].
According to this model, the peritoneal mass transport
characteristics can be characterized by three physiological
parameters: the Area parameter (A0/dx), the Absorption
(JvAR) and the Plasma loss (JvL) (defined in introductory
paragraphs). Values for these parameters can be calculated
by fitting, in an iterative non-linear regression procedure,
the blood and dialysate urea, creatinine, glucose, albumin
and plasma sodium concentrations predicted by the trans-
capillary flux equations to the experimentally measured
values. In order to solve these equations unequivocally, the
following assumptions and/or approximations must be
made. (1.) The diffusive capacity of any given solute can be
predicted based on its molecular size and the A0/dx, with
the well-known exception of sodium, which has a low PS
[14], and of lipophilic solutes [11]. (2.) The small and large
pore radii are constant (4.7 and 25 nm, respectively) [12,
13]. (3.) The hydrostatic transcapillary pressure gradient is
constant (9 mm Hg). (4.) The ultrafiltration (UF) coeffi-
cient is generally proportional to the A0/dx, but uncoupling
may occur [11]. (5.) The residual intraperitoneal volume is
considered to be 250 ml/1.73 m2 of body wt, and scaled
according to body surface area. Finally, in order to allow
for the age-dependent changes of water contents in chil-
dren, specific pediatric equations were used to estimate
total body water from height and weight [15], while the
Watson equations were used for adults [16].
Statistics
Since the measured and calculated clearance parameters
were usually normally distributed but most peritoneal
transport parameters were not, parametric procedures
were used to evaluate the former, and nonparametric
statistics were applied to the latter. Data were described
either as means 6 SD or as median and interquartile range.
Possible associations between variables were evaluated by
Pearson or Spearman correlation analysis. Stepwise multi-
ple linear regression analysis was performed to identify
independent confounders of the model fit. The validity of
the PDC model in children was assessed by comparison of
calculated and experimental 24-hour solute clearances and
ultrafiltration rates obtained first during the day of the
PDC test, and second, in a repeated clearance study
performed on a different day with a modified PD prescrip-
tion, the clearance and drainage calculations being based
on the results of the initial PDC test.
RESULTS
Validation of PDC modeling
The validity of PDC modeling was assessed separately
for the CAPD and the APD study by comparison of the
calculated (fitted) solute clearances and water drainage
with the actually measured values. As shown in Table 1,
good accuracy and precision were observed for creatinine
and urea clearance both in the CAPD and in the APD
study, with residual estimate errors ranging between 0.3






calculated 2 measured Pearson
correlation
coefficient
Root mean square error
(ml/min/1.73 m2)/ml/day)(ml/min/1.73 m2)/(ml/day)
Urea clearance
CAPD 5.92 6 1.35 5.92 6 1.37 0 6 0.62 0.90 0.62
APD 5.93 6 2.07 5.35 6 1.99 20.58 6 0.44a 0.98 0.42
Creatinine clearance
CAPD 4.25 6 1.19 4.72 6 1.01 0.47 6 0.42a 0.94 0.35
APD 3.38 6 1.50 3.95 6 1.44 0.58 6 0.57a 0.93 0.55
b2-microglobulin clearance
CAPD 0.65 6 0.40 0.63 6 0.24 20.06 6 0.26 0.83 0.12
APD 0.64 6 0.31 0.54 6 0.24 20.06 6 0.29 0.48 0.22
Albumin clearance
CAPD 0.090 6 0.072 0.085 6 0.064 20.008 6 0.055 0.68 0.05
APD 0.061 6 0.028 0.052 6 0.017 20.003 6 0.04 0.73 0.01
Drained volume
CAPD 5925 6 3476 5733 6 3394 2192 6 363a 0.995 358
APD 6426 6 4358 6397 6 4420 229 6 179 0.999 174
Ultrafiltration volume
CAPD 748 6 600 556 6 419 2192 6 363a 0.80 256
APD 652 6 653 620 6 709 231 6 173 0.97 173
a Significant deviation of calculated from measured values
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and 0.6 ml/min/1.73 m2. Creatinine clearance was slightly
but consistently overestimated in both the CAPD and the
APD study. Urea clearance was predicted without any
systematic bias in the CAPD study, but was constantly
underestimated by 0.58 ml/min/1.73 m2 in the APD test
(Fig. 1). The model fit was less precise for the clearances of
b2-microglobulin and albumin with correlation coefficients
between 0.48 and 0.83, respectively, but good accuracy
without systematic deviations from the line of identity was
also achieved for these parameters.
The drained fluid volumes were calculated with very
small residual errors in both test protocols; however, when
ultrafiltration rates were calculated by substraction of the
instilled volumes, considerably greater predictive power
was achieved with the APD (r 5 0.97) compared to the
CAPD test (r 5 0.80; Table 1 and Fig. 2). Stepwise multiple
regression analysis revealed that the prediction of the
ultrafiltration rate was significantly affected by the presence
of residual diuresis (P , 0.005), which accounted for 26%
of the residual variation in the relationship between calcu-
lated and measured ultrafiltration.
Calorie uptake, which ranged from 2 to 18 (median 8.1)
kcal/kg/day, was modeled with better precision in the APD
(r 5 0.92) than in the CAPD study (r 5 0.87). In both test
settings, calorie absorption was systematically underesti-
mated by the model (difference calculated-measured:
APD, 21.5 6 2.3; CAPD, 22.2 6 1.8 kcal/kg/day).
Age, body size, duration of peritoneal dialysis and peri-
tonitis history were dismissed by multiple linear regression
analysis as significant confounders of the model precision
observed with any of the parameters studied.
In 16 patients (14 APD, 2 CAPD) in whom a second
24-hour dialysate clearance was obtained at time intervals
ranging from one week to 20 months (median 10 weeks),
the results were compared with the solute clearances and
ultrafiltration rates predicted by the PDC program using
the subject-specific peritoneal transport characteristics es-
tablished in the first study. The correlation coefficients
were 0.91 for creatinine clearance (y 5 20.15 1 1.11x),
0.80 for urea clearance (y 5 1.39 1 0.82x) and 0.80 (y 5 345
1 0.47x) for ultrafiltration rate.
Peritoneal transport characteristics (PDC parameters)
The calculated median absolute (not normalized to body
surface area) total unrestricted pore area was 10399 (inter-
quartile range 4780 to 15449) cm2 per cm diffusion dis-
tance. Total pore area increased with age (r 5 0.74), weight
(r 5 0.68), height (r 5 0.62) and body surface area (r 5
0.65; P , 0.0001 for all correlations). When normalized for
body surface area, the median Area parameter was 15274
(interquartile range 11199 to 22795) cm/1.73 m2. The
corrected pore area was independent of age or any param-
eter of body size (Fig. 3A). When weight rather than body
surface area was used to correct the pore area for body size,
the weight-corrected pore area was inversely correlated
with body surface area (r 5 20.40, P 5 0.02), body wt (r 5
20.40, P 5 0.02) and height (r 5 20.39, P 5 0.02).
The absolute (that is, not corrected for body size) final
Fig. 1. Concordance between estimated and
measured dialysate urea clearance in 20
children studied by CAPD protocol, and in 22
patients studied by simplified APD test
protocol. Dotted line represents line of identity.
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fluid reabsorption rate was positively correlated with age
(r 5 0.34, P 5 0.05), weight (r 5 0.48, P 5 0.006), body
surface area (r 5 0.44, P 5 0.02) and height (r 5 0.41, P 5
0.02). After standardization to body surface area, final fluid
reabsorption was not correlated with age or body size.
However, a significant inverse correlation with body surface
area was present when an exponential rather than a linear
regression model was applied (r 5 20.37, P 5 0.04; Fig.
3B). As for the total pore area, a clear inverse relationship
with body surface area (r 5 20.47, P 5 0.006), body wt (r 5
20.46, P 5 0.008), and height (r 5 20.47, P 5 0.006) was
present when final fluid reabsorption was corrected for
weight rather than body surface area. The median final
fluid reabsorption rate was 1.19 (interquartile range 0.79 to
1.75) ml/min per 1.73 m2.
The estimated median plasma loss was 0.08 (interquartile
range 0.05 to 0.11) ml/min per 1.73 m2. This parameter was
also independent of body size when normalized for body
surface area (Fig. 3C).
The peritoneal transport characteristics given by the
PDC model did not differ systematically between patients
who had been on dialysis for more or less than three
months, nor between patients with and without previous
peritonitis episodes.
Fig. 2. Concordance between estimated and
measured dialysate daily ultrafiltration rate in
20 children studied by CAPD protocol, and in
22 patients studied by simplified APD test
protocol. Dotted line represents line of identity.
Fig. 3. Distribution of physiological peritoneal transport characteristics according to age in 32 children on chronic peritoneal dialysis.
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DISCUSSION
This study represents the first application and validation
of the Personal Dialysis Capacity test in children. We were
able to demonstrate that peritoneal transport can be accu-
rately modeled according to the three pore model in
children of all age groups including young infants. More-
over, this study yielded important physiological information
about the geometry of peritoneal mass transport in the
growing child.
Several analytical models of peritoneal solute transport
have been formulated and validated in adults [11, 17, 18],
but the pediatric experience with modeling peritoneal
dialysis is still anecdotal [19, 20]. In this study, the good-
ness-of-fit analysis of the modeled versus measured creat-
inine and urea clearance, glucose resorption rate and
drained dialysate volumes showed an excellent prediction
of small solute and water transport by the three-pore model
in children of all age groups. The daily clearance rates were
calculated with no or small systematic biases, with residual
estimating errors in the range of 10%. This level of
agreement between estimated and measured values was
only slightly lower than in the original validation study of
the PDC model in adults [11], and is equal or superior to
other models of peritoneal mass transfer [17, 18]. Daily
ultrafiltration rates were also predicted with acceptable
precision, but were significanctly confounded by the pres-
ence of residual diuresis. This is conceivable considering
the fact that residual renal water output affects intravascu-
lar volume, thereby altering the transcapillary pressure
gradient in the peritoneum, a factor assumed to be constant
in the present version of the model. It should be empha-
sized, however, that the performance of PDC in estimating
daily ultrafiltration rates was far better than that of the only
other kinetic model providing this function, which showed
concordance correlation coefficients of only 0.50 [18].
Less precise fits were obtained for the b2-microglobulin
and albumin clearances. The apparently limited power of
the model in predicting these marker clearances may be in
part explained by the difficulty of measuring b2-micro-
globulin and albumin in 24-hour dialysates (poor stability,
adhesion to plastic material, etc.).
In the CAPD study, an elaborate PD protocol involving
five to seven cycles of varying dwell times and glucose
concentrations was performed in order to produce a large
number and variation of solute concentrations and dwell
volumes to be fitted by the multiparameter algorithm. In
the APD study, a simplified PD schedule was used which
required samples only from the nighttime ‘cycler’ dialysate
plus one to two daytime dwell samples, in order to see
whether it was possible to minimize sampling efforts with-
out losing precision in estimating peritoneal transport
coefficients and daily solute and water transport rates.
Interestingly, the goodness-of-fit observed in the APD tests
was similar or even better than that achieved with the more
laborious CAPD protocol. There are at least two reasons
why the APD protocol could perform better than the
CAPD test. First, the APD test involves shorter dwell times
and thus higher resolution since the D/P ratios are far from
equilibrated. Secondly, with multiple samples there is an
increased risk of analysis errors. Our results permit to
conclude that the PDC can reliably performed based on
two to three dialysate samples in APD patients. This greatly
facilitates the use of the test as an outpatient procedure.
It may be argued that the reproducibility of the perito-
neal transport coefficients estimated by the APD test, being
based on modeling of a smaller number of original samples,
may still be less well reproducible than those established
with the CAPD test protocol. However, the application of
the peritoneal transport coefficients to model varied APD
regimens performed on different days in the same patients
showed reasonable re-test reliability.
It should be noted, however, that the predictive accuracy
and precision regarding daily solute clearances and ultra-
filtration rates in this repeated assessment were somewhat
lower than in the initial validation study. The limited
reproducibility of clearance predictions over extended time
periods has also been observed with other PD models [17,
21], and may be due to the physiological variability of
factors affecting peritoneal transport such as the state of
hydration, vascular tone and perfusion of peritoneal capil-
laries, and intraabdominal hydrostatic pressure. Such argu-
ments are strengthened by the highly reproducible results
obtained with repeated PDC tests in 10 adult patients
restudied within one week [11].
The second aim of this study was to assess the specific
peritoneal transport coefficients defined in the three-pore
model with respect to possible differences related to age.
The calculated total peritoneal pore ‘area’ increased, in
absolute terms, with increasing body size, but was totally
independent of age or body size when standardized accord-
ing to body surface area. Interestingly, an inverse relation-
ship with the parameters of body size was noted when the
pore area was normalized according to body wt rather than
body surface area. This finding functionally confirms the
previous postulate made based on anatomical studies that
the peritoneal surface area may be proportionate to body
surface area but not to body wt [2–4]. The second principal
characteristic of peritoneal transport estimated by the three
pore model is the final fluid reabsorption rate, which is
composed of the ultrafiltration coefficient, the hydrostatic
pressure gradient across the capillary wall, the plasma
oncotic pressure and the lymph flow. This parameter
increased with body size in absolute terms but decreased
when normalized to body size, slightly so when using body
surface area and strongly when using body wt as the scaling
factor. The third element of transperitoneal mass transport
independently evaluated by the PDC test is the plasma loss,
defining the rate of the protein-rich fluid flux through the
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large pore from blood to the abdominal cavity. This param-
eter was independent of age when standardized to body
surface area.
These findings explain and resolve some of the discrep-
ant previous findings with regard to peritoneal mass trans-
port in children. We were able to demonstrate that the
peritoneal capillary pore area is a linear function of body
surface area but a curvilinear function of weight. Hence,
stable small solute equilibration rates can be expected in
children when dialysis fluid volume is scaled according to
body surface area, but higher transport and lower ultrafil-
tration rates are found in young children when body wt is
used to scale fluid volume. While this notion is in accor-
dance with clinical observations [1], slightly higher mass
transport area coefficients were recently reported in small
infants (,1 year) in a cross-sectional analysis of a large
number of Peritoneal Equilibration Tests where dialysate
volume had been standardized to body surface area [8].
The results of that study suggest that maturational pro-
cesses of peritoneal transport may still be going on in the
first year of life. The higher standardized fluid reabsorption
rate observed here in infants compared to older children
may reflect such maturational influences, but does not
explain the increased mass transfer area coefficient values
for creatinine and glucose observed by Warady et al in
small infants [8]. The number of small infants studied here
may have been too small to detect subtle differences in
peritoneal pore area in this subgroup.
Conflicting results were also reported previously with
respect to the ‘lymphatic’ fluid reabsorption, which was
found to be significantly greater in children than in adults in
one study [22] but not in another [23]. It should be noted
that fluid reabsorption from the peritoneal cavity is for the
most part not caused by lymphatic drainage but by reversed
transcapillary flux of fluid along hydrostatic and oncotic
pressure gradients, in accordance with the Starling balance
[24]. According to the results of this study, total fluid
reuptake is slightly higher in young children, whereas older
children and adolescents are not different from adults [11].
While a higher lymphatic reabsorption rate in young chil-
dren is one possible explanation for this difference, another
would be a greater intraperitoneal pressure in small infants.
In fact, we have recently demonstrated an inverse relation-
ship between body size and intraabdominal pressure when
dwell volume was standardized for body surface area [25].
In summary, the PDC test was found to be a precise and
reliable tool to model peritoneal mass transport in children.
A simple APD sampling protocol involving a single blood
and two to three dialysate samples is sufficient for estima-
tion of subject-specific peritoneal mass transport coeffi-
cients. The functional peritoneal exchange surface is a
linear function of body surface area, and is independent of
age when normalized to this parameter. The final fluid
reabsorption rate is slightly higher in young infants than in
older children and adults, suggesting that the reduced
ultrafiltration rates sometimes observed in young children
may be related not to a relatively greater peritoneal surface
area, but to a faster rate of fluid reabsorption due to
increased intraabdominal pressure and/or lymphatic fluid
drainage.
ACKNOWLEDGMENTS
This study was supported by Gambro, Lund (Sweden). The contribution
of Mr. Tomas Eriksson is gratefully acknowledged, and the authors also
thank Ms. Barbara Bollmann for expert technical support.
Reprint requests to Dr. Franz Schaefer, University Children’s Hospital, Im
Neuenheimer Feld 150, D-69120 Heidelberg, Germany.
E-mail: franz_schaefer@ukl.uni-heidelberg.de
REFERENCES
1. ALEXANDER SR, BALFE JW, HARVEY E: Peritoneal dialysis in chil-
dren, in The Textbook of Peritoneal Dialysis, edited by GOKAL R,
NOLPH KD, Boston, Kluwer Academic Publishers, 1994, pp 591–637
2. WEGNER G: Chirurgische Bemerkungen u¨ber die Peritonealho¨hle mit
besonderer Beru¨cksichtigung der Ovariotomie. Arch Klin Chir 20:51,
1877
3. PUTILOFF PV: Materials for the study of the laws of growth of the
human body in relation to the surface areas of different systems; the
trial on Russian subjects of planigraphic anatomy as a means for exact
anthropometry—One of the problems of anthropology. Siberian
Branch of Russian Geografic Society 1884
4. ESPERANCA MJ, COLLINS DL: Peritoneal dialysis efficiency in relation
to body weight. J Pediatr Surg 1:162–169, 1966
5. SCHAEFER F, LANGENBECK D, HECKERT K-H, SCHA¨RER K, MEHLS O:
Evaluation of peritoneal solute transfer by the peritoneal equilibra-
tion test in children. Adv Periton Dial 8:410–415, 1992
6. REDDINGIUS RE, SCHRO¨DER CH, WILLEMS JL, LELIVELT M, KO¨HLER
BE, KREDIET RT, MONNENS LA: Measurement of peritoneal fluid
handling in children on continuous ambulatory peritoneal dialysis
using dextran 70. Nephrol Dial Transplant 10:866–870, 1995
7. KOHAUT EC, WALDO FB, BENFIELD MR: The effect of changes in
dialysate volume on glucose and urea equilibration. Perit Dial Int
14:236–239, 1994
8. WARADY BA, ALEXANDER SB, HOSSLI S, VONESH E, GEARY D,
WATKINS S, SALUSKY IB, KOHAUT EC: Peritoneal membrane trans-
port function in children receiving long-term dialysis. J Am Soc
Nephrol 7:2385–2391, 1996
9. RIPPE B, STELIN G, HARALDSSON B: Computer simulations of perito-
neal fluid transport in CAPD. Kidney Int 40:315–325, 1991
10. RIPPE B: A three-pore model of peritoneal transport. Perit Dial Int
13(Suppl 2):S35–S38, 1993
11. HARALDSSON B: Assessing the peritoneal dialysis capacities of indi-
vidual patients. Kidney Int 47:1187–1198, 1995
12. HEIMBU¨RGER O, WANIEWSKI J, WERYNSKI A, TRANAEUS A, LINDHOLM
B: Peritoneal transport in CAPD patients with permanent loss of
ultrafiltration capacity. Kidney Int 38:495–506, 1990
13. TAYLOR AE, GRANGER DN: Exchange of macromolecules across the
microcirulation, in Handbook of Physiology (vol 4), The Cardiovascular
System Microcirculation, edited by RENKIN EM, MICHEL CC, Be-
thesda, American Physiological Society, 1984, pp 467–520
14. RIPPE B, HARALDSSON B: Transport of macromolecules across micro-
vascular walls: The two pore theory. Physiol Rev 74:163–219, 1994
15. CHEEK DB, MELLITS D, ELLIOTT D: Body water, height, and weight
during growth in normal children. Am J Dis Child 112:312–317, 1966
16. WATSON PE, WATSON ID, BATT RD: Total body water volumes for
adult males and females estimated from simple anthropometric
measurements. Am J Clin Nutr 33:27–39, 1980
17. GOTCH FA, LIPPS BJ, KEEN ML, PANLILIO F: Computerized urea
kinetic modeling to prescribe and monitor delivered Kt/V (pKt/V,
dKt/V) in peritoneal dialysis. Fresenius Randomized Dialysis Pre-
scription and Clinical Outcome Study (RDP/CO). Adv Perit Dial
12:43–45, 1996
Schaefer et al: Peritoneal transport modeling in children1378
18. VONESH EF, BURKART J, MCMURRAY SD, WILLIAMS PF: Peritoneal
dialysis kinetic modeling: Validation in a multicenter clinical study.
Perit Dial Int 16:471–481, 1996
19. VERRINA E, AMICI G, TRIVELLI A, PERFUMO F, GUSMANO R: Clinical
validation of PD Adequest software in children: A pilot study.
(abstract) Perit Dial Int 17(Suppl 1):S91, 1997
20. JONES L, WARADY BA: Peritoneal dialysis prescription in children:
Benefits of a kinetic approach. (abstract) Perit Dial Int 17(Suppl
1):S86, 1997
21. BURKART JM, JORDAN JR, ROCCO MV: Assessment of dialysis dose by
measured clearance versus extrapolated data. Perit Dial Int 13:184–
188, 1993
22. MACTIER RA, KHANNA R, MOORE H, RUSS J, NOLPH KD, GROSHONG
T: Kinetics of peritoneal dialysis in children: Role of lymphatics.
Kidney Int 34:82–88, 1988
23. SCHRO¨DER CH, REDDINGIUS RE, VAN DREUMEL JAM, THEEUWES
AGM, MONNENS LAH: Transcapillary ultrafiltration and lymphatic
absorption during childhood continuous ambulatory peritoneal dialy-
sis (CAPD). Nephrol Dial Transplant 6:571–573, 1991
24. SHOCKLEY TR, OFSTHUN NJ: Pathways for fluid loss from the perito-
neal cavity. Blood Purif 10:115–121, 1992
25. SCHAEFER F, FISCHBACH M, HECKERT KH, KLAUS G: Hydrostatic
intraperitoneal pressure in children on peritoneal dialysis. (abstract)
Perit Dial Int 16(Suppl 2):S79, 1996
Schaefer et al: Peritoneal transport modeling in children 1379
